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SUMMARY 

The cometary nucleus is considered in the hydrodynamic sense as a source 
located in a supersonic stationary plasma flow f rom the Sun. At the boundary of 
the divide between the source's and stream's media the pressure is defined by 
the Newtonian formula, 

shape of the type-I tail. The shock wave recession is estimated by comparing 
with the solution for a source located in an incompressible medium. 

It is possible to explain the plasma head configuration and the cylindrical 

* 
* * 

It has been general ly  admitted l z t e l y  t h a t  t he  type-I conetmy tails 
are  condi t ionedby comet atmomhere i n t e r a c t i o n  w i t h  t he  s o l a r  corpuscular 

streams. It is  noted a t  t h e  same t i n e  t h a t  the ion ized  tai ls  are l inked, f i r s t  

of a l l t  with t h e  quas is ta t ionary  component of s o l a r  corpuscular r ad ia t ion ,  

t h a t  is, the  solar wind f.11.This is why i t  sppears t o  be poss ib le  t o  subdivide 

t h e  events in type-I tdls and in plasma heads i n t o  two groups- t he  s t a t iona -  

ry and nonstationary.  
The s t a t i o n a r y  events  are conditioned by the  Solar  wind; they would also 

take place in the  case when the wind i t se l f  is s t r i c t l y  s ta t ionary .  Iicferred 

t o  here  are t h e  configurat ions of the head and the  cy l ind r i c21  shape of the 
t a i l .  The cont rac t ing  s h e l l s ,  t he  f lapping  rays and the  acce le ra t ion  of nebu- 

lus  formations must calso be r e l a t e d  t o  s t a t i o n a r y  events, or9  t o  be more preci-  

se, t o  s t a t i s t i c a l l y  s t a t i o n a r y  events (according t o  the above c h a r a c t e r i s t i c s ) .  
The nonstat ionary events are conditioned by pe r iod ica l  corpuscular 

streams, by t h e i r  s t r u c t u r e  and p a r t l y  by the nonstat ionarp state of t h e  

wind [3]. The l a t t e r  may be represented as a c e r t a i n  "modulating fz.ctor" 
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suTeriaposing i t s e l f  7qon a s t a t i s t i c a l l y  s t a t i o n a r y  background, Comet 
f la res ,  c o r r e l a t i n g  with geoactive stream are i n  p a r t i c u l a r  r e f e r r e d  t o  

nonstat ionary events. 

It w i l l  be shown below t h a t  t he  configurat ion of the head and the  

c y l i n d r i c a l  shape of the t a i l  
so la r  wind flow past  the comet. 

m a y  be explained by considering the s t a t i o n a r y  

2-t solar wind in t e rac t ion  with the comet the  length  of the  free path 

of i o n s  is  rreat :  i t  i s  coqmrzkle with the  chcaracter is t ic  dimension of the  

comet, But the  s o l a -  wind c r m - i e s  d o n g  a weak magnetic f i e l d ,  and there  is 
every reason t o  assune t h s t  t he  f i e l d  i n  comets is not weaker than the i n t e r -  

p lane tary  f i e l d  C21,Wkat skould be 
f i e l d  with a c h a r a c t e r i s t i c  dimension is the 

free path; a d  we may consider t h & i n  s c a l e s  grea te r  337 coraparison with it, 
the  plasma is a continuum c2, 41. Thus, f o r  a f i e l d  5 *loo5 gauss ( t h e  nean 
value i n  the s o l a  w i n d )  a t  a ve loc i ty  of 3 - 107cm/sec 

of the head- is 10 101lcm. B e s i d e s ,  according t o  c41, f o r  the  computa- 
t i o n  01 solar w i s d  flow past  the E z r t i ; * s  magnetosphere, wliose c h L v a c t e r i s t i c  
dimension coincides with t h a t  of a. l a rye  comet, stanclard gas dynmics method 

may be ap->lied provided w e  assuiile y = 2 ( t h e  p a r t i c l e  motion i n  the m q n e t i c  

f i e l d  has two d e g e e s  of freedom): GS t o  the pressure,  %re nay understand the  

conpared i n  the  case of 2 m g n e t i c  

gyroradius*of ions  and not  t he  

the gyroradius is 
6 10 7 c m ,  while the c h z r a c t e r i s t i c  dimension of the  comet - t h e  diameter 

9 
H2 p* + - 
8 

where p* is  the gas pressure.  The I.iacli 

nunber El is s u b s t i t u t e d  by the Alfvdn 

I3nch number 

M =  V / V , ,  

where V is  the ve loc i ty  of the unperturbed 
F i g .  1 

flow and VA is t he  Alfvin ve loc i ty  i n  the unperturbed flow, 
I n  the cur ren t  note we s h s a l l  forego t h e  consideration of the s p e c i f i c  

effects  of the magnetic f i e l d ,  f o r  we consider t h a t  by a x r i b i n ?  it t he  s ta te  

of "continuumff, its r o l e  i s  beinE l i r i t e d .  

* the  word 
f o r  ffgyroradiuslt ,  i t  is  thus in t e rp re t ed  accordingly. 

gidroradius" used i n  the o r i g i n a l  t e x t  seems t o  be a misprint  



The ion component of the  comctary atmosphere emerges apFzwently 

f;; a c e r t a i n  ragion s-mro-mding the  'nard nucleus, and we may consider t h i s  
reg ion  as the flsouTce sone". 

In the f g s s t  appoximation we s h a l l  es t imate  t h a t  t he  cometary plasma 

flow t&es place at constant densi ty  and the source of ion8 is a point  source 
s i t u a t e d  in the  conet*s  nucleus. 

A supersonic flow passes  around the  source (for the  solar w*sd 
I$ - 8) and i t  is qu i t e  probable t h a t  a stztt ionary c o l l i s i o n l e s s  shook wave 
forms at the same time from the comet's head upward d o n g  t he  flow [5]. 

Follo*d.ng a re  the considerations lead ing  t o  such an assu.mption. 
The comet's atmosphere cons t i t u t e s  a continuum, s o  t h a t  t h e  solar wind m u s t  
flow past i t  ar3 i f  i t  were a c e r t a i n  obs tac le ,  of which the dimension coin- 
c ides  with the c h a r a c t e r i s t i c  dimension of the  comet. But the  diameter of 
the  head of a l a r g e  conet is of the order of 10"- 10 

or grea te r  tt,m the c h a r a c t e r i s t i c  dimension of the  Earth 's  magnetosphere; 

consequently, f o r  t he  solcar wind the  conet is an obs tac le  cornp,a.rable with 
the X z r t h ,  Therefore, there  must e x i s t  ahead of a l z rge  comet a shock wave 

analogous t o  the shock wave &ead of the mzgnetosphere. 

11 cn, t h a t  is, equal  

The problem of R high suFersonic f l o w  of compressed gas past  t h e  

source is i n  many traits comparable with the problem of a flow past  a b lunt  

body, so t h a t  its exact solution cannot, at present,  be obtained i n  a general  

form and an approximete so lu t ion  must be sought for. 
The e x i s t i n g  methods for resolving the problems of flow pas t  axi-sym- 

g e t r i c a l  and f l a t  bodies may be subdivided i n t o  two groups. In  the first 

group the nonstationary problem is solved and then the so lu t ions  f o r  grea t  - t 
are considered, whereas i n  the second group the q u a l i t a t i v e  motion pa t t e rn  

is postulated C6]. In the  problem about the  source it is preferab le  t o  postu- 
13 te  the  la t ter ,  f o r  t h i s  method is sicipler 2nd i t  gives r e s u l t s  agreeinq 

w e l l  with exnerinent. 

?Je s h a l l  start from the following assuqption: an outgone shock wave 
is formfig upward along the flow from the  source; the gas, e jec t ed  by the  
source, is bounded by a c e r t a i n  surface,  of which the  shape is determined 

by the equa l i ty  of pressure of two media [Fig. 11. 
It is proposed t o  conduct i n  the following the  t o t a l  so lu t ion  of t h i s  

problem. For thc moment we shall l i m i t  ourselves t o  rn a p r r o x h a t e  consiCer- 
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nt ion  for which we s h a l l  make use of the Newton theory i n  the first appro- 

matioo. 
According t o  t h i s  approximation the su r face  of the jump coincides 

with t h a t  of the  body or the  surface,  bounding i n  our case t h e  gas 

source. As is  shown by experiments on the  flow p a s t  axi-symmetrical and I 

plane bodies ,  the bes t  agreement of coniputed da ta  with the experimental 

is provided by t he  modified Newton formula for t he  pressure on body's sur- 

f ace  C73: 

I 
l 

I 
p = 3'1 sin2 a, 

where a is the  i n c l i n s t i o n  angle of sur face  element t o  the d i rec t ion  of 
the  inc iden t  flow; fi and V1 are  respec t ive ly  the  densi ty  and the  ve loc i ty  

of the  flow. The f a c t o r  c *  for blunt bodies is a function of the  Mach num- 
ber  and of isentrope ind ica tor  

i t  o s c i l l a t e s  within the limits 1.25-2.00 f o r  M varying from 1 t o  Do and 

and y - from 1 t o  5/3 , For M = 8 = 2 (Solar wind) co r1.67. 
Denoting t h e  pressure i n  the forward p a r t  of t h s  surface, where the shock 

wave is  perpendicular,  by po, we o b t a i n :  I I 

P 
y [?I. Its v a r i a t i o n  region is not great; I 

* 

1 and 

p = po sill2 a, (1) 
I 

2 where po = 0.84 plVl . 
For a flow with constznt densi ty  the approximate so lu t ion  may be I 

I obtained by the  method given i n  the work C8) f o r  the ca lcu la t ion  of plasma 

flow pas t  a l i n e a r  current ,  \?e shall apply here t h i s  method only f o r  the  

plane problem, which is prec ise ly  what we s h a l l  be assuming i n  the following. 

I 

~ 

Let us now pos tu la te  t h a t  i n  the  plane c ,  where the true flow takes 

place,  the source is a t  t he  or ig in  of the coordinates,  the source 's  gas I 

occupies a region G, bounded by the curve S, which is the cur ren t  l i n e .  I 

Let the  a n a l y t i c a l  funct ion c t z ( 8 )  mater ia i ize  the conformal transform- I 

a t i o n  of the i n t e r i o r  of a uni tary r ad ius  c i r c l e  with the  center  a t  the  o r i -  
gin of the coordinates i n  the  plane 4 t o  the region G i n  such a fashion 

t h a t  t he  po in t  z = O  correspond to the  point 5 = 0. I n  t h i s  case, t o  the  

complex flow p o t e n t i a l  i n  the  region G - W  (E) w i l l  correspond the coclplex 

flow p o t e n t i a l  i n  the un i t a ry  c i r c l e  - W (g), of which the following is known : 

~ 
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- a) the source must be located a t  t he  center  of t he  c i rc le ;  
- b) the  circumference of un i t a ry  raclius E Q S ~  be tihe s i n r e n t  T h e ;  
- c )  t he re  must be e i t h e r  i n s i d e  the c i rc le  or on the  circumference 

a discharge, equal  in power to t h e  source, f o r  i n  the  opyosite case there  

can be no s t a t i o n a r y  flow; - d) at c ( c )  transformation t h e  point,  at which the discharge o u t l e t  

is located,  must d r i f t  i n t o  an i n f i n i t e l y  remote point.  
Let  u s  consider t he  po ten t i a l  

W c o n s t i t u t e s  t ke  p o t e n t i a l  of  t h e  source of power m a t  coordinate o r ig in  

a.nd o f  the  discharge a t  point  g(1.0) of double power. The e n t i r e  flow of 

the source 's  medium is concentrated in s ide  the circumference of un i t a ry  r ad ius  

c o n s t i t u t i n g  the  current  l i ne .  I n  t h i s  way the p o t e n t i a l  (2) satisfies the 

conriitions a, b, C. T h a t  i t  s a t i s f i e s  a l s o  the condi t ion d, is something 
t h z t  w i l l  be ascer ta ined from the following. 

We s h a l l  seek a funct ion z = z (11 ,  mater ia l iz ing  the  conformal tr'ans- 

fornat ion of the  i n t e r i o r  of the  c i r c l e  of uni ta ry  r a d i u s  t o  the  region G. 

The curve S i n  the plane z is determined by the equa l i ty  of pressures  of 
source 's  gas and inc ident  flow. Making use of t h i s ,  we s h a l l  obt& from (1) 
and the  Bernoul l i  equation t h e  boundary condition for the  flow ve loc i ty  of 

sou rce ( s  medium 

where 

w i t h  t h a t  in the p l a e  6 as follows : 

fw is the source*s  gzs density. The ve loc i ty  in the  plvle e is  l inked  

T d i h p  i n t o  account t he  boundmy condition ( 3 ) .  we s h a l l  ob ta in  : 

The ,given co r re l a t ion  refers  t o  the  r e r ion ' s  boundary, and t h i s  is why 

IdGI = + and cosa Ida1 = d;z. 
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';re f i n d  the de r iva t ive  
preceding eqliali ty and in tegra t ing ,  we obtain 

dw/d[ from (2). Subs t i t u t ing  these values i n t o  t h e  

i C In--(l-coscp)+cl= ---. 
2 m 

(4) 

The s ign minus i n  the right-hand p a t  follows from the normalizat ion:  a t  
cp- tO ,z - too  s ince  we e s t i n n t e  the flow ve loc i ty  a6 d i rec t ed  toward the  s i d e  

of x increase:  c 1  is the in t eg ra t ion  constant.  
The equa l i ty  (4) gives the value of t he  r e a l  part of the  funct ion 

souzht for on the  circumference of  un i t a ry  r a i i u s .  Since the  r e d  and imagi- 
n a y  p a r t s  of the a n a l y t i c a l  funct ion a r e  conjugated harmonic funct ions,  the  

imaginary pEtrt of z = z ( 1 )  

l e t  us t&e the expansion [ 9 ]  
on the circumference may be found as fo l lows:  

Now the  equal i ty  (4) may be wr i t ten  
W 

C cos kcp i - - x =  P-. a - + l n 2 -  2c i .  
k-1 9 2m 

The conjugated h a r m n i c  funct ions m e  determined with a prec is ion  t o  the 

constant  addend anti t h i s  i s  why 

From considerat ions of s p r e t r y  we s h a l l  assume that at Q =  fl, y = 0, 

whence i t  fol lows c2 = O .  The value of the  constant in (4) is determined 
from the  Schwarte i n t e g r a l  by the requirement c = 0 at  5- 0. Computing 

the i n t e g r a l  we s h a l l  ob ta in  c l=2In2Tak ing  t h i s  i n t o  account and excluding 

4' from (4) a n d  (51, we s h a l l  f ind the  curve bounding the  source's  gas 

-2 = - 111 cos-y - ln-2. 
2 m  2m 

C C 
(l;/ 

Conpnring t h i s  curve w i t h  the  curve ( 9 )  from C83,we see tl-at they 

coincide;  t h i s  apparently may be explained by i d e n t i c a l  symnetry of t h e  

vor tex  of the magnetic f i e l d  and t he  hydrodynamic source. 
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If the comet is t r e a t e d  as a source, the  curve ( 6 )  gives  the  con- 
f i g u r a t i o n  of the head. It is however customary t o  es t imate  t h a t  t h e  con- 
t o u r  of the head is described by a catenary (21. 
formula (6) and the catenary in the  form of ser ies :  

Let us r ep resen t  t he  

2ru C m m c  P c = - -1n cos? y - 2 In 2- = - 2 In 2 -+-++ ya,r43 p+. . . ; 
C tna C c 4m 

s = --ah- Y = ~ ~ + ; - y ~ + ~ ~ p ~ + . . . .  1 
1 

a La 
We 6ee t h a t  t he  second and the t h i r d  terms of the expansion coincide al- 
most exac t ly  ( t h e  first is immaterial, for  i t  denotes the  t r a n s f e r  along 
the  axis x).Therefore* the curve (6) sa t i s f ies  t h e  observat ion data: i t  
descr ibes  the configurat ion of the coxet*s  head and explfliaa the cylindrical 
shape of t he  tail [ll]. 

It should be noted t h a t  t he  catenary f o r  t he  configurat ion of the  
comet's head w a s  obtained in the work c121, where the nonstat ionary problem 
was resolved i n  the assumption t h a t  t he  contour of the  head is deter-ed 

by t h e  shape of the  magnetic l i n e s  of force,  

The curve (6) bears  the  

The funct ion,  ma te r i a l i z ing  

of un i t a ry  r a d i u s  c i rc le  to 

El iminat inf  3 from 

designation of "catenary of equal  resistance". 
t h e  conformal t ransforna t ion  of t he  i n t e r i o r  

t he  i n t e r i o r  of t h i s  curve, w i l l  be wri t t en  

2m I 
e =- In--. 

c I - - 5  
the  p o t e n t i a l  (2)  with the  a i d  of the  formula 

we s h a l l  f i n d  the sou rce l s  gas flow p o t e n t i a l  in the  plane t :  

c 
W = -  - NI In ( P C 2  2"' - 1). 

2 

Hence i t  is easy t o  f i n d  the equation of curren t  l i n e s :  
C 

where '1' is  only a funct ion of the cu r ren t ' s  l i n e ,  It is evident  t h a t  a t  

- nn (n = 0, I, 2, . . .) Y 
na 
-_  
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we s h a l l  ob ta in  the boundary, t ha t  is, the  curve (6). The l i n e s  of curren t  

a r e  p l o t t e d  in Fig, 1, 

The diameter of the head or ,  which i s  the same, the  width of t he  

t a i l ,  cons t i t u t e  t he  conet's c h a r a c t e r i s t i c  dimension. It is evident t h a t  

t h i s  i s  the  d is tance  between t h e  asymptotes of current'sboundary l ine ( 

FiG. 11, equal  t o  (2m/c)  .x:, It is possible  t o  estimate t h e  dependence of 
t a i l ' s  width on t h e  quant i ty  of gas emitted in t h e  nucleus. W e  s h a l l  denote 
the l a t t e r  quant i ty  by Q;  i t  is evident t h a t  Q - r n l  and t h a t  consequently 

in 

I -vx* 
We can not  f i nd  the distances of jump discont inui ty  recession in the  

However, we may est imate  t h i s  q u a -  Newtonian approximation (AB in Fig.1). 

t i t y  approximately a8 followfi. 

A s s u m e  t h a t  behind the  shock wave the  f l o w  takes place with constant 
densi ty ,  Such an admission is of ten  made i n  the  theory of hypersonic flows. 

Of i n t e r e s t  t o  us w i l l  be only the re,;ion near the %oseff of the comet (A), 
t h a t  is, the region of s m a l l  7,  where the  shock wave is nearly perpendicu- 

lar. 
Let us take for the solar wind t h e  following data:  H - 5  . 10'5 gauss, 

the  gas pressure is of the order  of the  magnetic, the  ve loc i ty  and densi ty  

are  r e spec t ive ly  3 lo7 cm / sec and 5 cmo3. It is easy t o  ca lcu la t e  t h a t  

a t  the same time the  pressure p i  is by one order  smaller t h a n  the term 
flV1 , t h i s  is why we pos tu l a t e  p1 = 0, Then f o r  a perpendicular shock wave 
we shall have 

2 

where the  index 1 r e f e r s  t o  t h e  solar wind (which, for brevi ty ,  we s h a l l  

r e f e r  t o  as flow) p r i o r  t o  the  passage of the  shock wave, the index f - 
a f t e r  i ts passage. 

We shall neglect  t he  d i s t o r t i o n  of the shock wave in t he  region of 
s m a l l  y, and consequently, t he  flow's v o r t i c i t y .  

?le s h a l l  consider a source of power 2, placed in the flow of an in- 
comFressible f l u i d ,  uniform at i n f i n i t y .  The complex p o t e n t i a l  of the source 
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i n  t he  f l o w  has the form [lo] 
IL'i = -Uz - m In z,  

w3ere U is t he  flow v e l o c i t y  t,t in f in i ty .  The p o t e n t i a l  W l i s  r e l a t e d  t o  
the  case, where the  f l u i d s  of the source and of the flow have i d e n t i c a l  dea- 
s i t i e s ,  bu t  i n  a physical  problem t h i s  can not  by f u l f i l l e d .  Thus, in pa r t i -  

cu lac l  the dens i ty  of the cometary gas is s u b s t a n t i a l l y  g r e a t e r  than t h a t  of 
t he  inc fdea t  flow. I n  t h i s  case the p o t e n t i a l s  f o r  t he  flow and for the  source 
w i l l  be r e sgec t ive ly  wr i t t en  as 

m 
a 

Wf = - uz - Inz an? i and wo= --allz --nine, 

where a is  a constant ,  whose value i s  found from the  condi t ion of pressure 

equa l i ty  of the  two media  at  the boundary of the  divide. 

I n  the Bernoul l i  equation 

the  constants  must have d i f f e r e n t  values f o r  the source and for t he  flaw, 
fo r  i n  the opposi te  case i t  nay be demonstrated t h a t  t he  S e n s i t k o f t b e  f l u i d s  

me. equcal. A t  the point  A (FiF. 1 )  the v e l o c i t i e s  are zero, and we may obta in  
from the e q u a l i t r  of pressures  

CJt-', = cwpia. 

A t  any p o i n t  of t h e  boundary of the divide P w = P i  and from these e q u a l i t i e s  

and the Bernoulli equation we shall obtain 

a = (pr / p w )  "a. 

From the  p o t e n t i a l w  or Wf we may f i n d  the line bounding t he  f l u i d  

of the sou rce :  

(See ref.clOI). It is  easy t o  see that  t h i s  curve coincide6 nearly exac t ly  
w i t h  the  curve ( 6 )  f o r  s m a l l  y and on the  condi t ion u f / = ~ / 2 1 ~ , . 2  , t h a t  is, 
the  comet's configurat ion near the  %oset? agrees with the  one t h a t  would occur 

at flow p a s t  it by an incompressible f lu id ,  an i form.a t  infinity. Consequently, 

i t  may be concluded t h a t  the shock wave s e t t l e s  at the dis tance over which the 

the ve loc i ty  of the incompressible f low coincides with the  ve loc i ty  Vf of (7). 
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The ve loc i ty  of the  fncoxpressible flow pas t  t he  source fs 

and at y = 0 we s h a l l  ob ta in  b = m/a (U - Vf)* where b is the distance 
between the  ~jource and the  shock wave. Me s h a l l  pos tu la te  U = c / 2 In -2u 
and IE, t h a t  is t he  pawer of the  sourcet may be expressed for t he  comet's 
nucleas by t h e  width of the  tail u t i l i z i n g  formula ( 6 )  : m t  - . (9 

2% 
The distance of t he  junrp d isont inui ty  recession is b - a r  where 

a = 2m la 2 /  c (OA i n  Fig. 1). For the above-assumed proper t ies  of the  
flow 

We find-7-y oMxdn A = 0.35 I , Therefore, at approximate considera- 

t ion ,  t he  ve loc i ty  of the incident flow V 1  aad the  densi ty  ratios pl/poe 

Influence the  value of shock wave recession 
diaension of the comet only. 

through the c h a r a c t e r i s t i c  

I n  conclusion I express my gra t i tude  t o  S, A . Kaplan for h i s  guidance 

i n  the  performance of the work. 
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